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INTRODUCTI ON

General

Moosehom is one ofmore th狐500 Refuges in the National Wildlife Refuge System

orwRS) administered by血e U.S. Fich狐d Wildlife Service (FWS)・ The NWRS is a network of

lands and waters mannged specifically for the protection of wildlife and wildlife habitat and

represents血e most comprehensive wildlife managemeut progran in the world. Units ofthe

system stretch across血e United States from northem Alasha to the FIorida Keys and include

small islands in the Caribbe狐and Sou血Pacific.珊e character of血e Refuges is as diverse as

也e nation itself Moosehom National Wildlife Refuge (MNWR) was established in 1 937 as a

refuge and breeding ground ftIT migratory birds and other wildlife. It is血e first in a chain of

migratory bird refuges that extends from Maine to FIorida. The Refuge consists of two units.

珊e Baring Unit covers 16,080 acres and is Iocated o∬U.S. Route l southwest ofCalais’Maine・

The 6,665rdCre E(血unds Unit borders血e tidal waters of Cobscook Bay near Demysville,

Maine (Figure l).

〇両ectiv悌

1 ). To identify ozoneづenSitive plant apecies in血e Mooschom NWR

2). To evaluate血e ineidence and severity of ozone iIriury on vegetation in血e Moosehom NWR

Jus備鮭ca償on

Approximately 4,680 acres of血e Baring Unit and 2,780 acres of也e Edmunds Unit were

set aside by Congress as Wildemess Areas, Called the Moosehom Wildemess. In 1 978’

Moosehom Wildemess was designated a Class I air q脚lity area, reCeiving further protection

under血e Clean Air Act. Congress gave FWS and the o瓜er Federal land managers for Class I

areas an '一…a飾rmative respousibility to protect a11血ose air quality related values (including

visibility) of such lands...,一Air quality related values include vegetation, wildlife, Water, soils,

visibility, and cultural resources. Despite亜s special protection・ marry Of the resources in these

wildemess areas are being mpacted or have the potential to be impacted by air pollutants.

Because mmy alr PO皿鼠nts can be caried long distances in the atmosphere, eVen nrd and

remote areas are a飯場ted by air pollution, ineluding many wildemess areas・ To better

underst狐d how壷pollution a統制s resources at the Moosehom NWR’SurveyS Were COnducted

in 1998狐d 1999 to evaluate ozone l勘ury tO Vegetation wi血in血e refuge.
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Figuェe l. General map of血e Moosehead National Wil址fe Refuge showing location of Baring

U血亡and Edmunds Unit. The following two宜gures show Iocation of survey sites in each Unit.
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Diagnosis of Air Po肌tion Injury on Plants

Although many gaseous狐POllutauts are emitted into the a血OSPhere, 0血y ce血ones

are phytotoxic and capal)le o坤uring plants and inducing sympto皿s readily apparent during

field surveys. The most important ofthese gaseous, Phytotoxic air pollutants are ozone’Sulfur

dioxide (SO2), and fluorides. These po11uta鵬are tcken iuto血e plant leaf; aleng wi血也e

ncmal constituents of血e air,也rough血e stomata・ Once inside the leaf担e pollutant or its

breckdown prod血s react v融ce11ular components, mai血y cellular menhoranes, CauSmg坤ry

or death oftissues.

The resul血g macroscopIC SymPtOmSブWhich are visible on the lezrf surface’are Classified

as 。血onic or acute depending upon也e severity ofiIjury- Chronic syIIPtomS imply tissue

lrUury, whereas acute ipjury signi五es tissue dea血・ Chronic symptoms on foliage usudly result

缶om exposure ofa plant to low levels ofpo肌tion for a long time, Or OCCur wllen a Plant is

somewhat resistarit to a po11utant. Visible ozone l勘uIy lS uSuaHy considered to be c血onic

lngury. Acule i車ury is observed fo1loⅧ1g a Shortrfem,血gh conce血ation ofpo皿ion’or

occurs when a plaI証s in a very seusitive condition. Sulfur dioxide垂jury as observed in也e

五eld is often acute. Fluoride i屯田y may be ei也er.

Macroscopic leaf ipjury caused by air polluta血often represents an血emediate step

between血tial I)hysioIogical events and decreases in productivity.耽creases in productivity

Glye 1 988) may result in ecoIogical changes, SuCh as redueed diversity Gtosenberg et al. 1979).

Visible leaf symptoms ind脚ed by phytotoxic poll調狐ts Serve aS important diagnostic tooIs也at

allow observers to identify sp∞i宜c air po皿tants as causal agents ofvegetation damage @avis

1984; Skelly et aL 1987). This knowiedge can be used in也e air po11ution emissions pem出血g

process for siting new industries (i.e・ Prevention of Sign亜cant Deterioration Program)’

assessment of也e secondary air quality standards, aSSeSSing也e presence of air pollu虫on i車Ⅲy

in Class I areas, and in此igation iAVOIving alr POllution垂jury.

Ai也ongh ozone was血e air polluta血of concer正止血is survey’it should be recognized血at

phytotoxic levels of SCb and租uorides can occur near indus血al sources’and thus ae briefly

discussed herein. Likewise, heavy metals O血ich are not discussed in血is r印ort) may be found

in excessive levels in vegetation grow皿g m areas downwind缶om industrial or urban sources

@avis et al. 1984)一Toxic heavy metals sueh as皿eroury may be ofi皿POrfance in areas being

m皿aged for wild髄e such as a NWR. However,也e presence of excessive heavy metals is

7
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deter血ned w地1aboratcny analysis offoliage’nOt W池surveys dealing wi也macroscopic foliar

l国ury. AIso, enViromeu血l biohazards such as dioxins租d furans may be found downwind of

polluted areas・ Al也ough such compounds are ofmore iuterest in marmalian and avian toxicity’

as compared to phytotoxicity, vegeta正on may abso轟e or adsoめsuch contamina血s and become

part of血e contan血ated food chain. Lderatory analysis ofvegetation for dioxius or f ITaus may

serve as part of a biomorito血g e餓両to detem血e也e levels o抽rese biohazards in a glVen area-

Ozone

Ozone is probably也e most importaut and wide坤read phytotoxic air po皿tant in血e U血ted

States, and is也e air pollutant most likely to have an easily recognizchle impact on vegetation

within a NWR Background levels of ozone exist natura11y in the lower atmosphere possibly

origindng丘om vertical downdra蛙s of ozone from也e stratoaphere or丘om Hg址ning, but more

likely丘om chemical reactious ofnaturdly oc胤Irmg COnprnds・ However,血e m劉Or SOurCeS

ofpreeursors lcading to phytotoxic levels ofozone occur w紐血uめan areas▲血也ose am謁S’

hydrocarbous and oxides ofnitrogen are emitted into也e atmosphere缶om various sour(溺,也e

most in坤ortant being autcmobile exhaust∴mese compourrds urrdengo photoc血cal reactions

in也1e PreSence Of su血ight fom血g Photochemical smog, Ofwhich ozone is a major co皿POnent.

Smog, OZOne, Or its pr∞urSOrs may travel downwind for hundreds ofmiles du血喝long-range

transport, depending tpon wind direction and move皿遍it ofweather缶onts. Thus,也e ozone (or

its precursors) impinging on refuges may origiIlate in urban areas many miles from也e refuge.

Concentra正ons of ozone are often greater in rural areas downwind from urもan areas, aS

co皿Pared to wi批n也e urban area itself dre to the presence ofreac缶ve pollutants in也e u血um

air w址ch scavenge也e ozone.

There are ce血bioindicator plants也at are very sensitive to ozone (Anderson et al. 1 989,

Davis and Coppo血o 1976, Davis and Ske叫y 1992, Davis et al. 1981, Davis and Vnhour 1976,

and Jensen and D∞hinger 1 989). The principal investigator in也is survey routinely uses the

following broad-1eaved bioindicator species for evaluating ozone i車ury‥ black cherry G±里塑些

ap正na), CO皿nOn elder (Sambucus canadends), COmmOn milkweed Asclepias敦±塑, grape

C堕唾spp), White a血哩raxinus延l証cana) and yellow-POPlar qiriodendron tulipifera). The

investigator also uses, but less commonly, Virginia creeper (Parthenocissus quinquefolial and

8



Vibtmun spp. Many of也ese ozone-SenSitive species occur in ouェrefuges in eastem Uhited

States.

On broadleaved bioindicators, OZOne-induced syⅡxptomS usually appear as small, 1 to 2 mm

diameter一一s申Ples’’ofpigmented, b工ack or reddishi)uIPle tissue on也e adaxial suェface ofmatuェe

leaves (See Skelly et al. 1987). The pigm鏡虹ed tissue is usunlly restricted by也e veinlets.

ImmahIre leaves seldom exhibit symptoms, Whereas pre皿ature defoliation of ma血re leaves may

OCCur On SenSitive specleS. To血e casual observer,也ese symptoms are similar to也ose induced

by o也er stresses (e.g., n血ent deficiency, fall coloration, insects, and certain diseases).

However,也e pigmented, adaxial stipple on plants ofknown sensitivity (i.e., black cheⅡy Or

grape) is a reliable diagnostic symptom ofozone i車ury.

On eastem co血fers,血e most reliあle symptom (Curreut-year needles o血y) induced by

OZOne is a chlorotic mottle, Which consists of sma11 patches of c址orotic tissue interspersed

Wi也in也e green, healfty needle tissue. The mo咄e usually has a ``soft edge’’(as oppesed to a

ShaIPly de丘ned edge) to也e individual mo廿1ed areas. An extremely sensitive plaI虹may exIiねit

needle tip browmng. However,亜s symptom is commOn to many StreSSeS and not a reliable

diagnostic syI坤tOm. Conifer needles older血an currenrtyear needles are not use則. as monitors,

Sin∞ OVer-Wintering may prOduce symptoms similar to也at caused by ozone. Ozone l町ury tO

monocots, Such as grasses (i・e., S理rtina sp・), is very di龍ct此to diagnose in也e五eld, aS there are

many causal age血s也at can result in tipbun and c血orotic mottle on grasses. August and early

Saptember are也e best times to survey for ozone-induced i車ury in也e Northeast @avis and

Ske工ly 1 992).

9
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Description of Re血ge

The Mooseho皿Refuge is a hig址y glaciated expanse ofrol血g hi11s, large ledge

outcrops, streamS, Ial既, bogs’and marshes・ The Edrnunds Unit has several miles ofrocky

shoreline where 24_foot tidal fluctuations are a daily occurrence. Approximately 2,780 acres of

血e Edmunds Unit and 4,680 acres of血e Baring Unit were set aside as Wildemess Areas by

Congress. As part of也e National W捉emess Preservation System血ese areas are graIrfed

special protection血at will iusure血e preservation of也eir wildemess characteristics.

Vegeta缶on

The area is rich wi心血story宜on血e logging boom days. In血e 1800’s horses hauled

皿iⅢous of cords ofwood to the shores df血e St. Croix River where sp血喝租oods canied血e

logs to Calais mills. Logs were軸缶om Calais to world markets by schooner and

steauship. However, in血e eady 1900’s,血e forest industry began to mecharize and the wo血d

market for tirIわer declined. The nlmerouS rmS也at once were necessary to feed man and beas轟

were abandoned and也e forest gradudly reclaimed也e famlland. A diverse forest of aspen,

皿aple, birch, SPruCe, and血cunently do血血es血e landscape and scattered stands of m勾estic

W址暢p皿e a購CO皿Ⅲm

The refuge is haited in te虹ain that ∞腿ists ofroll主ng址1ls with large rock outcrops and

sca請ered boulders. The dominan亡vegetation in也e vicinfty ofbo也U血ts is uneven-aged,

secondngrow血no血em conifer-hardwood forest’With some areas in pure spruce-血・ Much of

血e area was logged and cleared in也e 1 800s and early 1900s, and several血es have bumed over

large pordous of也e area,血e last in 1933. Nu皿erous Stream Valleysプbeaver flowages,

ericaceous bogs. marshes,狐d forest/s皿ominat{id wetlands occur也roughout血e area. The

decidrous componeut of血e forest includes mixed stands of quking and bigtoo血aspen

哩9Pu畦tren追oides, g皿andidentatめ, Paper and gray birch (塑垂理pyrifera,塁・ POPulifoha),

red maple (坐壬塾立墜塾), American beech (堅塑墜gran臆塾由, and black cherry G里聖堂

SerOt血a).

Common understory species include winteわeHy (Gauf血eria procumbeus), bracken fem

(Pteri伍u坦aqTlilinun), Sedges (生壁送apP・),狐d bunchberry (坐聖堂Ca塑densis)・ Mixed

hardwood-COni鬼重stands occur in ma工ry areaS, wi也也e genera11y mo重e Shadelolera血∞血fers

gradua11y replacing血e e{血ier successional hardwoods, The coniferous componeut is dominated

10
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by mixed and pue stands of sp関Ce (里垂盟SPP.) and balsan fir (坐睦睦聖堂垂)・ Scattered old葛

grow瓜white pine G垂壁唾i曲are an indication of the original climax forest that was present

before the lunbering and fiIes Ofthe last century. Pure stands of alder (生垣堅型型墾) are

abundant in reve血g famland and wet areas along血e margus of streaus and beaver flowages.

Several bluebeny (蛙ccini哩SPP.) fields, meadews, and pastures are maintained as pemanent

forest openings.血1976, a long-tem m狐agement Plan was implemented on瓜e refuge to

increase血e diversity of forest hal)itat by altering age and species composition, utilizing sp∞ific

血n血g of cu備ing・

Wetlands preseut in瓜e area include beaver ponds and meadows, marsh’chrul), ar血

forested wetlands of various types, and open場Water in血e fom of streams, POnds and lakes.

Beaver meadows in the area are dominated by bluejoiut grass (Calama鑓OSds q垂坐鱒is) and

sedges, with we筒er sectious and pond餓nges suppo血g marsh plants such as rushes (垣堕堅

app.), Cattail (理塑幽, bul則shes (塑由壁SPP.), and other non-Persistent emengents and

aq脚tic species. Alder and willow G塾韮SPP.) are cormon wetland shrubs, and leatherleaf

(ChamaedaDhae calyc址紐), SWeet gale Q鍍垂g重り, and sphagnun moss (Spha浬um SPP.) are

dominaIit bog species. Forested wedands are dominated by stunted spn鵬, some White cedar

(理由窒Q塑idept塾丸red maple, S垂agrun, Cim伽nOn fem (Qsmunda幽, and some

la記h (皇室圭垂直ic証程)・

The mgivrity of一皿e Cobscook Bay area is in second grow血spn鵬・紐-Pine forest, mixed

wi血some maple, birch, and aspen. There is also some open land’and previously-OPen l劃d in

regrow血stages. The waters a4ioining the bay are tidal wi血fluetuatious of up to 24 feet

creating exteusive areas of intertidal mud組ats in several coves.珊e tidal range and southem

exposures create importa血ice-free and protected wintering habitat conditions for waterfewl and

bald eagles. M狐y large, O,ld-groW血pines are present on uplands凋aceut to血e shoreline,

p重Oviding nesting and roos血g trees for eagles and o血er raptors・

A listing of Moosehom NWR vegetation’aS SuPPlied by refuge persomel・ is presemed in

血e A押eⅢ工k.

間
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Moosehom Refuge is unique anong血e country’s Nationd W皿ife Refuges. Here也e

American woodcock is intensely studied and managed・ T血s reclusive bird dwells in也e alder

cover by day and refuge clearings at nig址・ Unfortmately,血e Eastem Flyway woodcock

population has dec血ed steadily over血e past two decades` Research and managemeIlt ProgramS

at Moosehom have provided valual)1e infomation也at is being used to stem舶s decline.

The end狐gered bald eagle frequents bo血units of仕re refuge.血recent years as m劃ry as

也ree pairs of eagles have nested at Mooseho皿・ Eagles are frequently sighted in也e area around

也e Magurewock Marshes near Route l on血e Baring Unit and arourrd the tidal waters of

Dennys Bay on也e Ed皿mds Unit.

The woodlands of Mooschom also ahound w地maIry O也er species. Black bears are

ab皿daut and can often be seen along refuge roads in也e sprmg直也e bluc庇rry fields in

Ang垂and fornging fdr a押les in也e fall・ Ⅶte-tailed deer and an occasional moose feed in

血e many clearings sca糊ered throughout也e refuge.血mid-May a餌sh ofnrigrating wa劇es

五1ls血e wo(rdlands wi血song.

The refuge also serves as an i坤ortant breeding area and migration stop for a varirty of

waterfewl and o血er watedeirds. Black ducks, WOOd drlCks, ring-neCked dueks, Canada geese,

and loons can be seen on也e over 50 1akes, marShes, and flowages scattered也roughout血e

refuge" In mid-May the Magurewock Marsh, W血ch borders U. S. Route l on也e Baring U血t’

abounrds w地goose and duck broods・ Bald engle sightings also are a cormon occurrence・

Ospreys nest in several of血e refuge m甜Shes狐d也e ardent observer can often fimi river otte購

frolicking among也e cattai1S・ Mooschom plays an inportant role in protec血g血e缶agile and

diminishing wedand resources of仕re AtlaIItic Flyway・

12
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woodco車ruffed grouse, mOOSe, deer’and a variety of songbirds will o血y咄ve in a

young forest.血也e past wild血統periodiea11y r匂uvenated血e forest・ However, wildfire is a

rare event today. Forest mannge皿eut prOgranS On血e refuge serve to take the place of fire・

small clearcuts scattered thronghout也e fi〕reSt ProVide opemgs and yo皿g brushy grow血that

serve as food and cover for manyγ Wildlife species. T血s management has resulted in dranatic

increases in many species including woodcock, grOuSe’bear, and moose・ Timber harves血g also

provides Iocal empIoymeut and a percentage of receipts from sales is retuned to Iocal

com皿lHlities.

wetlands management on血e refuge has greatly inereased waterfowl皿Imbers. Water

co血OI structures on血e refuge’s marshes and ponds a11ow managers to mair血n stable water

levels during也e breeding season. Water level co血Ol also improves瓜e grow血ofplaIits l地

provide food and cover and a1lows血e marshes to be emptied periodically for r叩venation. The

creation of chamels, PO血oles, and islands, aS Well as shoreline improvement’has also increased

waterfowl prodrction and encouraged nes血g・

13
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GeⅡe輪萱Su富vey Areas

It had been predetemined也at survey sites had to occur in open-areaS (SuCh a.s也ose

occu皿ing along roads or trails, Or in fields) where ozone-Seusitive plant species were fourrd in

su亜g址and exposed to皿estricted air movement (Anderson et al. 1 989; USDA Forest Service,

1 990). I皿ediately prior to血e August 1 998 survey担e iIrVeStigator met wi也refuge persomel.

During也is血e, mape Were Viewed and discussed which greatly aided and in血uenced也e

preliminary selection of survey areas. Based on血誌e initial discussious’tentative survey areas

were selected血ronghout也e refuge during 1998. Each a]励WaS visited in 1998 and 1999’its

suitability detem血ed, and observatious made・ These general areas’wi也slig址皿od施cation’

were used in 2000.

Prd血hinary Selec缶on of Bio血dicator Species

An exteusive list ofrefuge flora was fu血ished to血e investigator by血e U.S. Fish and

W組d止fe Service @ppendix)耽or to也e initial (1 998) survey, an initial selection ofpote虹ial

bioindicators that mig址ex址bit ozone iIjury in the survey area had been selected岨om血is list

as well as by talking to refuge perso皿el、 Plant species or genera on the list血at were tentatively

seleeted as bioindicators included: ash G±axi即S SP、), aSter (坐‡墜ap.), black cherry G±墾聖堂

箪墾垂塑), blackberry q±垂堅SP.), Choke cherry (塾塾堅垂giniana), COmmOn milkweed

帥主軽輩垂), elde舟eny e垂ou壁蟹]姐densi$,皿Ountain ash &唾聖型ericana), Pin

血eⅡy (聖堂聖堂喋旦可Ⅴ紬i塑),中速o皿iv G塾塑塑垂壁堅=挫垂摸痩印d型坦堂壁),

serviccherry曲垣蓮も, SumaC (塾堅SP.), tremb血g aspen (迦塑岬and

vね脚関皿(Y迅u調理坦坤・)・

Of course, many Of血e spedes listed grow in scattered localities through也e NWR,狐d

may not be present at designated survey areas;也ey may o血y be found with也e help of local

botanists. AIso, it sho山d be pointed out血at most plaIlt SPeCleS grOWmg in也e more wet arc雑of

血e refuge bave mt been studied wi也regard to ozone輸induced macroscopic symptoms. T地is’

也e ozone-SenSitivity ofwetland species, aS detem血ed by controlled exposures of ozone, is

generally unknown・
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Air Qua畦寄手

Ozone monito血g data are use細to complement也e visunl i車ury surveys.血general,

more ozone書induced stipple is likely to occur in years w池greater ozone concentrations.

However, mOre COusistent and long-tem mOnito血g datasds are needed to further皿derstand

也e relationship between foliar symptoms, ambie血ozone, and errviromental conditions (e.g.

血0噂址り血0Ⅲ p祉庭狐d re五喝eS・

The nearest ozone monitor wi血the complete ozone datasets is in Acadia National Park at

Cadillac Mountain a3PA AIRS site #3-009-01 02)う1ocated a耽oximately 70 miles southwest of

也e Moosehom NWR Ambient ozone levels in亜s report are expressed as ``cu皿SUM60”,也e

cum血ative sun ofan hourly ozone conce血atious equaling or exceeding 60 ppb・ In other

studies, We have found血at this ozone statistic conelates f証Ily well w血plaIit danage. During

血e 3 most recent years (1 998-2000) ofmonitoring at Cad皿ac Mo皿tain, OZOne levels were

greatest in 1998, intemediate in 1999, and very low in 2000 (Figure 2)・ By late suImer’也e

cunsuM60 ozone levels in 1 998 were clearly at pkytotoxic levels, and血e 1999 levels were

。O腿idered to be somewhat phytotoxic.血2000,血e ozone levels were very low and were just at

the血reshold limits for plant injury to occur (approximately 20,000 ppb血s)・

During也e last 3 years’血e皿aXi皿皿CunSUM60 values peaked at approximately

45,000 ppb血s, W址ch occured in 1998. For comparison to a refuge with extreme ozone

conce血ations,也e ozone levels at也e Edwin B. Forsythe NWR near Brigautine’New Jersey,

r。aChed about 80,000 ppb-hrs in 1991 (a very址gh ozone yeaD, and are routindy greater th狐

40,000 ppb-血s by血e summerつs end. During 1999’OZone levels in也e Mingo NWR in Mssouri

likewise reached 80,000 p垂心S by early fall-

Assur血g也at也e ozone levels皿Onitored at Cadillac Mour血(70 miles away) are

sir血ar to也ose occurring at也e Moos鏡lOm NWR, OZone injⅢy is批dy to occur most years on

ozone-SenSitive species ofvegetation wi也in也e refuge. However’tO my knowledge,也ere have

been no recorded surveys prior to 1998 to docunent whe血er or not ozone l勘ury has occurred on

refug e vegetation・
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Figure 2・ Cumulative su皿of all hourly ozone conce血ations equaling or exceeding 60 ppb

(CunSUM60) monitored at Acadia Natio血Park, qrd劃ac Mountain, Maine q3PA AIRS Site #

23-009-0102) during 1998置2000; u皿its are ppb-hrs. T血s monito血g Site is Iocated

approximately 70 n止les southwest of也e Mooscho皿refuge・
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Surveys Dates and Areas

The Moosehom Na丘o皿al W丑dlife Refuge was surveyed twice in 1 998, On July 29-August

2 and August 25-28.血1999血e refuge was surveyed once, drring July 22-25・ It was fortunate

血at也e eぞ血ier date was chosen in 1 999, because a widespread droug址occurred in血e East

during late sunmer・ During 2000,也e Mooscho皿NWR was surveyed du血g August 21-23 ・

@ased on血e 3 years ofsurveys,也e best t血e to survey址s refuge is in mid置tO lale-August.

As described earlier,也e teu舶tive location of survey areas was based on discussious w弛I

refuge persomel and exanination ofmaps at the refuge headquarters prior to祖e initial (1998)

SurVey、 These areas were then visited on-Site during瓜e 1998 and 1999 surveys’and 16

approxinafely sifes were selected. These sites were considered suitable for ozone l刊ury SurVeyS

based on opemess, aCceSSibility, and presence of bioindicators qigure l)・ Al1 1 6 sites were

visited in 2000, but data was not taken at all sites. However, an addifronal area (“The Woodcock

Trail”) a句acent to pIot BI was added to in 2000. In addition to也ese speci五c areas, Vegetation

was chserved as也e investigator traveled缶om site to site.

Sever主吋Ra血g

Each broadleaved pla血evaluated for anbient ozone lIUury had to have foliage within

reach;血at is, treeS Were nOt C地心ed nor were pole-PrmerS uSed. The ForestHealth Expert

System had been used to廿ain也e investigator in esti血a血g也e amount of s申ple on a leaf For

broadleaved tree species,血e perceIぬge of ozone i車ury was estimated on血e oldest leaf on each

offour branches, and也e average value recorded. Then,也e next oldest leaf was evaluated, and

so on, ur血l也e五ve oldest leaves had been rated. For each hedeaceous plant, each of也e五ve (if

present) 01dest (basal) leaves of也e plant was examined and血e average percent stipple recorded・

Each of血e oldest正ve leaves on也e current woody grow血(CaneS) ofvines was rated and血e

average percent stipple recorded・ On all apeeies’Only adaxial leaf surfaces were evaluated.

Symptom severity on也e’adarial sI工rface of each leaf evaluted was estimated by assi租ing

severity classes, based on也e percentage ofsurface iI$uredうOfO, 5, 10, 20, 40, 60, 80, 90, 95 and

l OO %. Photographs (Slides) were taken and originals se血to血e FWS Air Quality Branch in

Denver.
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RESULTS AND DISCUSSION

田血かSe量ec慣on of Bio心髄脚tOr Specie§

Following也e亜ial evaluation of也e vegeta宜on lists in ea血y summer 1 998, a mOre

COmPlete selection ofbioindicator spenes or genera w騰made in也e五eld d町ing 1 998. For

exanple, du血g廿記血st 1 998 visit to the refuge, it was i血edi如ely obvious血at spreading

dogbane (Apocymm androsaen血eliu血) was exhibiting adaxial stipple, tyPical of血at car:LSed by

OZOne, at SeVeral sites. Theref re, dogbane was added to也e bioindicator list, W血ch也en

consisted of ash (mainly w址te ash), black cherry, blackberry, choke cherry, Pin cherry,

Servicedeny, and廿embling aspen as poteutial bioindicator specleS. mese were among血e勤LOSt

COmmOn Of血e ozone-SeIISitive species in也e毒fuge, and usually occu町ed in open areas. Not all

SPeCies/genera listed were prese血at all sites.血addition, mOSt Wetland plant sp{剃eS Of也e

Mooschomェefuge have not been care允lly studied with regard to ozone-induced macroscopic

SymPtOmS. That is,也e ozone-Se関itiv垂y of wetla血d plaI通as detem血ed by contro11ed

exposures of ozone is generally u血oⅧ・

During也e 1 998 and 1 999五eld surveys,血e bioindicator list was amended to also include

Sand cherry (堂塑壁埋垂喧), raSPbeny (迦睦迫撃型D, and sarsaparilla (A垣垂mdicaui$. The

latter two species, along with blackberry, Were Selected as indicators for SO2 i車ury. However,

Since血ere was no point sour∞ Of SO2 readily evid餌t, emPhasis was placed on血e ozone-

seusitive bioindicators. The list as compiled by也e end of 1999 was used drring也e 2000

SurVey・
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Fo血r Sy皿ptO皿S

In spite ofthe low ozone levels recorded in 2000 (Figure 2), OZOne-induced ipjury was

observed at several sites w軸血bo心血e Baring and Edmmds Units during也e 2000 visit

(August 2l -23). Apparently envirorme血al conditious were ideal for development of ozone-

induced syIIPtomS、 And,血e血ne of survey appeared to be ideal for detecting ozone iI$ury.

Baring Unit

Site Bl (Re血ge Headquarters and αWoodcock Tra組���R�fVvWF�F柳��v�2�W��ﾖ匁VB�籾

血e large, OPen fields along the e血ance road leading to也e refuge headqua巾ers and along血e

l/3 m血e Woodcock Trai1 loop (Figure l, Location Bl)・動輪re were several bioindicator

“species” present in也ese large opermgs狐d along the膝皿at t血s excelle血survey site.

Ozone i車ry was Iig址in incidence, and light to moderate in severity, On SPreading

dogbane pla血S, Where iIjury was present on 20 0f 70 (28.6%) plants examined (Table l)・ The

incidence of ozone-induced ipjury was greater in 2000也an in 1998 or 1999. Auso, in 1998 and

1 999血e ozone叫ury On dogbane had been restricted to older paired leaves on血e prmary

ste皿S, and did not occur on血e p祖s of leaves餌her out也e secondary shoots・ (Secondary

shoots arose缶om也e ax丑of也ese pairs ofp止血ary stem leave丸However, in 2000血e ozone

lngury also occuned on也e leaves允血her out也e stem in a胸ぬon to the two older paired leaves`

The severity ofiIjury on也e sympt(matic leaves was judged to be lig址to moderate in 2000,

usually involving less血an 5% of也e adaKia1 1eof areaつbut at t血es invoIving up to 40% of址Le

leaf surface (Table 2).

Near血e upper edge of one五eld’brush and grass had been mowed也e previous year and

very succ山e址aspen sprouts (and root suckers) were prese址. This site had not been mowed in

1998 and也ere were no sprouts available餌rating. Ozone l型ury Was PreSent On lO of24

(41.7%) ofthese aspen sprouts in 2000 (Table l); i車ury was restricted to血e fast-grOWing

sprouts, and did not occur on the larger廿ees or older saplings・ The seve車y of ozone iIjury was

judged to be lig亜(Table 2).血1999 ozone垂jury had occu調ed on 6 0f58 (10・3%) of也e sane

groups of aspen sprouts.
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Table 2. Severity of ozone-induCed i可ury on Ieaves of sympto皿atic leaves of

aspen and spreading dogbane at Site BL

工_βaf No.

cies　　剛狐t No.　　　l半　　　　　　2　　　　　　3　　　　　　4　　　　　　3

坐迎迦 1　　　　　　40　　　　　　20

2　　　　　　20　　　　　　20

3　　　　　　40　　　　　　20

4　　　　　　30

5　　　　　　30

6　　　　　　40

7　　　　　　10

8　　　　　　10

9　　　　　　　5

10　　　　　　20

10

20

20

10

5

0

10

10　　　　　　5　　　　　　　0

20　　　　　　0　　　　　　0

0　　　　　　　0　　　　　　　0

0　　　　　　　0

5　　　　　　　0

5　　　　　　　0

0　　　　　　　0

0　　　　　　　0

0　　　　　　　0

0　　　　　　　0

0

0

0

0

*OIdest Ieaf of the 5 leaves evalua章ed.

*半Seveh勺′ Values = 0, 5, 10, 20, ∠調, 50, 80,卯, 95, and lOO%餅賞e蛍tissue垂櫨購d.
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AIong the Woodcock Trail’Classic ozone-induced stipple was observed on two plants

tentatively identified as V壬b即mum垣堕gQ. The investig如or has observed ozone stipple on

various species of Vib関田m in o血er surveys, and considers血e genus Vibumun to be an under-

used bioindicator wi血excellent potential, Perhaps similar in utilfty to血e genus Sambucus・ This

印譜IeS Of Vibunun could prove to be a valuわle addition to血e bioindicators already used for

detecting ozone l即ury in the refuge. The apecleS eX址bits symptoms血at are more classic

stipple, aS COmPared to ash or pin cheny, and does not defoliate as readily as spreading dogbane.

In血e future, COnSideration sho山d be given to more血orough ozone-iIriury survey using this

SpeC重eS・

Ozone iIjury was not observed on bigtoo血aspen, blackbeny, black cherry, Choke cherry,

sand cherry, Or mOurltain-aSh. Al血ough choke cherry was evaluated,血e investigator considers

咄s species to be tolerant to ambient levels of ozone and it may not be evaluated in the餌ure.

There was a slight reddening, W址ch may or may not have been related to ozone l勘ury, On

blackberry. Lea鰹p佃were severe on black cheny, dogbane, Pin cheny, qcking aspen (also tip

dieback), and o也ers. Black and sand cherry had black knot galls on血e branches, and black

cherry also had spindle galls on血e leaves. Fall webwom’Skeletonizers’Chewing mSectS’and

other insect disorders were common. These various diseases and disorders are described here,

but were ∞mmOn at mOSt Sites. During the 2000 survey, i可ury resembling that caused by SO2

was not observed on arry plaI鵬at any Sites.

Sites B2-Bll (See Tab賞e l). At site B2 (Westem end of South Trail) 5 of55 (9.1%) of

the ach seedlings and saplings exa血ined showed classic ozone iIriury. At site B3 (Cranbeny

Lake I血et) none ofthe 20 ash nor 20 aspen hnd ozone iIjury. Ash, aSPen, black cherry,

dogbane,狐d pin cheny plants at site B4 (Crahoerry Brook) likewise showed a lack of ozone

ipjny. At site B5 (Hanson Soil Pit Road), Pin cherry showed no ozone iniury, and many of血e

aapen aprouts were stressed ty a ftmga1 1eaf and shoot blight, likely caused by the fungus

Ven如rla, aS in 1999・ Most pla龍were not evaluated at site B5 because ofthis confounding

factor. However, SeVeral adjacent clearcuts were found血at had few fungal diseases on血e

aspens" 1n血ese areas, 2 of50 aape鵬had ozone l勘ury. Two of20 dogbane plants also

ex址bited classic ozone i垂ury. Few good indicator plarits were found at sites B6 q±am Meedows

#2)劃d B7 (Powerline at血e intersection of Route l and Charlotte Road), and血ese two sites
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may be diminated. Site B8 (West Branch Observation Deck) is also marginal site in terms of

usefuhess, but is be請er也an B and B7; OZOne勘ury Was nOt Observed on any plants at site B8.

Site B9 (road to fomer air monito血g station) was expanded in 1 999 to include Voss Pond and

is now an excellent site. Ozone iIjury was recorded on l of30 ash, and 2 of lO spreading

dogbane plants at site B9. Ozone lIHury Was nOt Observed on aspen, black cheny, blackberry, Or

Servicebeny at亜s site・ Moderate ]evels ofVenturia shoot blig址occurred on aspen at也is site

and t血oughout也e area. There was no ozone脚ury on 30 ash seedlings and sap血gs examined

at site BH (Bearce FIowage)

Sites B6, B7, B10 (Higgius Road) and BH低earee FIowage) are cousidered to be

manginal survey sites. However, a11 four sites will be maintained, and possibly revisited if血e

Survey lS COnducted in future years.

Edmunds Unit

S主te El. Vegetarion was examined in 2000 in and around血e edges of血e fam五elds

near也e Nate Smi也Marsh. As in 1 998 and 1 999, there were several bioindicators present in

也ese large五elds. Ozone l可u]y WaS nOt Observed on aspen, blackberry, Sand cherry, Or

Servicebeny. Raspbeny plaI鵬had healthy leaves at也王s site. Black血ot disease was very

SeVere On Various堕塑壁SPeCies at也is Iocation.

Site E2. Ozone l勘ury Was nOt Observed on black cherry, Pin cherry, or mOur血-ash

PlaI血near血e boat la皿ch in Cobscook State Park (Tあle l). Raapbeny pla血s also had heal血y

leaves at址s site. There was no ozone ipjury on any bioindicators exanined (Tatle l). As in

1 999, mOⅢ血ash廿ees bad severe leaElOPPer-tyPe i車ny, W出ch confounded ozone i車ury

evaluatious on血is species. Here and elsewhere in血e area,血ere was no SO2 i車ury on birch,

エaSPbeny, bIackberry, nOr SarSapariIla.

Site E3. Bioindicators were exar血記d in and arou血d血e edge of批s very large field

Within血e Cobscook State Park, located near血e edge ofW唖ng Bay. In 1999, OZOne iIjury

had been noted on 5 of26 (19・2%) of也e black cheny and 3 of 13 (23.1%) ofthe pin cherIy

Plants examined.血2000,也e only ozone喝uIy WaS nOted on l of 6 serviceberry trees.

Raspberry pIa血e had heal也y Ieaves.

Site E4. Vegetation was exa工nined in血is very large五eld near也e south end of

Cobscook State Pa]k・ There was a large clunp ofpin che虹y Saplings in血e正eId. These plants

●
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Were POSSibly缶om血e same seed source’Or SprOutS, Since they were growlng C工ose together・工n

1998 19 0f40 (47.5%) pin cherries in血is clunp examined exhibited ozone ipjury However,

血e clump had been cut in 1999㍉md s血mps werejust begiming to aprout at也e time ofthat

year’s surⅤey. A total of 67 new sprouts were examined in 1999, but ozone l刊uIy Was nOt

Observed (Table l). In 2000, OZOne i車ury was noted on H of lOO (11.0%) pin cherry trees. It is

likely血at血e pin cherry leaves were not ma加re enough in 1999 to ex珊抽ozone i車uy, Or也ey

Were SO neW that they had not been exposed to su錦cient levels of ozone to cause lIUuIy.

Apparently, anbient ozone levels were not high enough in 2000 to cause as mueh i車ury as in

1998.

Site E5. Of也e 23 pin cherries exa皿ined near也e intersection ofNorth Trail and Weir

Road,血ree plants exhibited ozone l町uIy・
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SU職印血ARY

The resu鴫of址s 2000 survey revealed that ozone坤ury was present on vegetation

Wi也in血e bourdaries of血e Mcoschom NWR, a POrtion ofw址ch is a Class I air qua亜y area. In

1 998 (AugusD, OZOne-induced foliar syIIxptOmS Were fairly high, and were related to血e high

levels of anbie血ozone也at year Q?igu鵜2)∴me 1999 ambient ozone Ievels were lower血an in

1998, and 1999 was a dry year. The droug址symptoms as observed in 1999 were widespread,

and included plant ye11owing, wilting, Curling and defoliation. It is very likely血at也e dy

Wea也er of 1 999 precluded ozone呼tcke by pl狐tS, and reduced subsequent symptom

develop皿e血in也at year. The ozone levels of 2000 were very low, but moisture condi亀ous

during血e survey appeared adequate∴mere was no observed wilting ofplahts due to droug址

S廿ess during the 2000 surⅤeys. T血rs, in spite of血e low ambient ozone concentratious, OZOne-

induced i車ury did occur in血e su皿mer Of2000 wi血in也e refuge.

These results should prove useful to血e FWS when mcking air qtry management

decisions, including血ose related to也e review of Preve血ion of Significa血Deterioration (PSD)

圃圏
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Appendi玉置Vegetation at Moosehom NWR

●

Abies balsa血ea (balsam fir)

Acer peusylvanicun (Striped maple)

Acer rubrum (red皿aple)

Acer sacchanm (sugar maple)

Acer spicatu皿(moumtain maple)

Achillea millef誼um (co蘭yarrow)

Actaea nlbra (red baneberry)

Agropyron repeus @lytrigia r印ens var. rapeus)

Agro stis alba (Agrostis gigaIltea)

Alisma sl心corda丸m (American water plantain)

Al皿s crispa (Alnus viridis ssp. crispa)

A血us rngosa (Alnus incana ssp.則gOSa)

AIopecurus prateusis (meadow foxtal)

Amelanc血er laevis (A工le班eny servicebe虹y)

Anap址s margaritacea (westem pearly everlasting)

Andromeda glaueophylla (Andro皿eda polifolia var. glaueophJ皿a)

A血em血a neodioica (A虹emaria howelIii ssp. neodioica)

Anthox狐thun odoratum (sweet vemalgrass)

Apocy剛皿androsae皿ifoha (spreading dogbane)

Aquilegia vulgaris @uropean colu血ibine)

Aralia hispida @ristly sarsapariIla)

Aralia mdicaulis (wild sarsaparilla)

Arctin皿minus (lesser bundock)

Arisaema atrorubeus (ArisaeⅡra車phy11u皿SSP.壷phy11un)

Ascl印ias inc誓(swa皿p m王lkweed)

Asclepias synaca (COmmon milkweed)

Aster acuminatus (whorled wood aste重)

Aster macrophyllus (bigleaf aster)

Aster radula (low rough asteD

Aster unbellafus 0arasol aster)

Aster undulatus (waxyleaf asteD

A血y重証m創ix-femina (com皿on ladyfem)

B aめ狐ea v血g紺is (garden yelloⅥOCket)

Be血e五s出田正炬堆正せ坤aneSe b和瓦Ⅱy)

B etula pap)壷fera G)aper birch)

Betula popuIifolia (gray birch)

Brassica juneea (India m皿Stard)

Calanagrostis canadensis (blu句Oi車y

Capsella bursa-PaStOris (sh車herd’s purse)

Carex c血1ita (fringed sedge)

Carex intunescens (greater bladder sedge)

Carex stricta a]Ptight sedge)
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Carex trispema (血reeseeded sedge)

CaIu皿CarVi (caraway)

Cerastiun vulga血m (Cerastiu皿fontanun ssp. v血gare)

Cha皿aedaphne calyculata (1ea血erleaf)

Chelone glabra (white tu皿ehead)

Chimap址工a u血bellata Gipsissewa)

C血ysan血ermm leucan血emm qeucanthemun vulgare)

Circaea abina (small enchanter-s nig址shade)

Cirsium arvense (Canadian也王stle)

Cirsiun disco工or (field址stle)

Cirsiun vulgare (b皿thistle)

Clematis virginiana (devil’s dar血ng needies)

Cli血onia borealis fyellow bluebeadlily)

Comptonia pereg血ra (sweet fem)

Coptis groenlandica (Coptis trifolia ssp. groenlandica)

Co皿us altemifo血(alte皿ateleaf dogwood)

Co皿rs canadensis (bunchberry dogwood)

Comus stolonifera (Comus sericea ssp書Sericea)

Coronilla varia (pu呼le crowetch)

Corylus cormta (bealked hazelnuD

Crassula aquatica (water pygmyweed)

CycIoIoma atriplicifoliun (winged pigweed)

Cyp再帰dil.m aCauleむink la(lys slipper)

Cypripe血m calccolus O

Dactylis glomerata (orchardgrass)

Dalibarda repeus (robin nmaway)

Dan血onia spica屯のoverty dan士honia)

De皿staedtia pmCtilobula (eastem hayscented fem)

Deschampsia flexuosa佃楓vy hairgrass)

DiaI]血us armeria (D印tford pink)

Diervilla lonicera (no血em bush honeys耽粗e)

Distichlis spicata (血and saltgrass)

Dryopteris cristata (crested woodfem)

Dryopteris di萄uncta (Gy皿mCaIPium di奇mctum)

Dryopteris manginalis (亘arginal woodfem)

Dryopteris noveb oracensis (Thelypteris noveboraceusis)

Dryopteris phegopteris Q}hegopteris co皿eCtilis)

Dryopteris spinulosa @ryopteris car出血Siana)

Dryopteris血elypteris (Thelypteris palustris var. pubesceus)

Dulichiun armdina∞um (情調eeWay Sedge)

Epigaea repens色railing a血utus)

Epilobiun angustifo血m (血eweed)

Equisettm arvense (宜eld horsetail)

Equisetun丑uviatile (Water frorsetail)

Equisetum hyemale (scouringrush horsetail)

Equise廿m sylvaticun佃7OOdland horsetail)
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Erigeron am皿rs (eastem daisy fleabane)

Erigeron strigosus tora証e且eabane)

Eriocaulon septangulare (Eriocanlon aquaticun)

班ophorun angustifoliun触l cottongrass)

Eriophoru皿SPISSun (Eriophonm vaginatu皿Var. SPissum)

Eupatoriade車hus pupreus (Expato血m puIPureum Var. PurPureum)

Elxpatorium mac山a血m (apotted j ∝PyeWeed)

Euthamia graminifolia (丑a償op golde血op)

Fagus grandifoha (American beech)

Festuca cap甜ata (Festuca珊ifomris)

Festuca elatior (Festuca pratensis)

Fes血Ca rubra (red fescue)

F輪g壷a v垂雪組a Ⅳ車道a s廿珊beⅡy)

Fraxinus amencana (White ash)

Fraxinus penusylvanica (green ash)

Galeopsis tetra血t @ri也estem bempnettle)

Ga血m mollugo (false baby↑s brea也)

Galium palus廿e (coⅡ皿On marSh bedstraw)

Galium triflorum (fr培ra血bedstraw)

Gaul血eria hispidula (cre印ing snowberry)

Gaultheria pro cu血beus (eastem teaberry)

Gaylussacia baccata @1ack hucklebeny)

Gaylussacia dunosa (dwarf hucklebe虹y)

Gera血斗m bickne亜囲cknell↑s cranesbi11)

Glycena canadeusis (ra咄esnake mannagrass)

Glyceria obtusa (AtlaIitic mamagrass)

Hamamelis virginiana (A皿erican witchhazel)

Heme?Callis餌va (orange daymy)

Ⅲeracrm aurant主acun (orange hawkweed)

旺eracr皿血ore血m (亜eraciun piloselloides)

Hieracさun Pilose工la (mouse誓hawkweed)

Hieraclum PratenSe (Hieraclun caeSPitosum)

Hordeun califomicun (Califomia b牡ley)

Hum山us lupulus (common hop)

坤ype享um ellipticun心ale St. Jo血rswo亘y

工fypenou皿Perforatun (COmmon St・ Jo血rswort)

工lex verticillata (common wintedeerry)

工mpatieus c型〕eusis (jewelweed)

Iris versicoIor (harlequin blueflag)

J皿垂)eruS CO皿皿Ⅲris (common jmiper)

Kalmia angusdfolia (she印laurel)

Ka止血polifolia (bog la町el)

Larix laricina (tamあck)

Ledum groe血andicun @og Lあradortea)

Lilium canadense (Canadian珊y)

Linaria canadensis (Nuttallan也us canade腿is)
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Linaria vulgaris (bu練er and eggs)

Limaea borealis (twi工血ower)

Lobelia cardinalis (Cardinalflower)

Lobelia do血mma @or血a血書s cardinalfloweD

Lonicera canadensis (American fly honeysuckle)

Ludwigia pa山stris (marsh seedbox)

Luzula acu皿inata qairy wood珊Sh)

Luzし11a m血tiflora (common woodrush)

Lyc血is aIba (Silene latifolia ssp. alba)

Lycopodiun amotintm (stiff clubmoss)

Lycopodium clavatum (ruming clubmoss)

Ly copodium complanafum (groundc edar)

Lycopodium lucid血m (Huperzia lucidula)

Lycopodirm obscunm (rare clubmoss)

Lycopodium宙stachyu皿(deeproot clul)mOSS)

Lycopus america.nus (American wate血orehound)

Lycopus u血floms aorthem bugleweed)

Lycopus vingi血cus (V亘ginia wate血orehound)

Lysimac址a terrestris (ea血Ioosestrife)

Maian血emm canadense (Canada beadnねy)

Matric壷a皿a宙carioides (Matricaria discoidedy

Medeola virginiana (血dian cucunberrooり

Medicago sativa (al細fa)

MelaI]apyrum血eare (narrowleaf cowwheat)

Melilotus alba (wllite sweetcIover)

Melilotus o鎖.cinalis (yellow sweetcIover)

Men血a arvensis Q4enぬa canade腿is)

Mimulus血geus伍ngen monkey丑oweD

Mitchella r印ens foar血dgcherry)

Moneses t]LI岨ora (Single delig址)

Myrica gale (SWeetgale)

Myriophyllum exalbescens Q句riophyllum sibiricu血)

Nxphar variegata (Nuphar Iutea ssp. variegata)

Ny皿phaea odorata (Americ狐W血te wate亜Iy)

Nymphoides cordata (舶Ie floatinghearD

Odontites sero血Lus (Odo血tes ve平uS平・ SerO血us)

Oeno也era biennis (con皿on eVemgPrmr9Se)

Oeno血era fruticosa伍arrowleaf even皿gPnmro Se)

On∞Iea.sensibilis (Seusitive fem)

OryzopsIS asPerifolia (roug址eaf ricegrass)

Osm皿da ci血anPmea (cimanon firn)

Osm皿da clayto皿ana (intem岬ted fem)

Osmunda regalis (royal fe皿)

0Ⅹ血is eu∬qpa∽ (0Ⅹ血芯s血cゆ

Oxalis montana (momtain woodsorTel)

Oxafis stricta (com皿m yellow oxalis)
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Phalaris arlmdinacea Geed canarygrass)

P址eun pratense (timothy)

Picea abies (Norway spmce)

Picea glauca (white apruce)

Picea mariana @lack spruce)

Picea nibens (red spruce)

Pinus resinosa aed pine)

Pinus strobus (easte皿w址te pine)

Pla血ago m勾or (COmmOn Plarhain)

Pogonia ophioglossoides (Snakemouth orchid)

Polygonah皿Pubescens (hairy SoIomon-s seal)

Polygonun amphibiun (water knotweed)

Polygom皿Careyi (Car lys smartweed)

Polygonun cilinode (缶inged black bindweed)

Polygonun lapathifoliun (c血ytop血OtWeed)

P olygo則m PenSylvanicun (Pe皿sylvania s皿artweed)

Polygo劇皿PunCtatum (do耽ed s皿artweed)

Polypodiun virginia.劇mをOCk polypody)

P olystichum acrostidlOides (C血istmas fe亘)

Pontederia cordataむickerelweed)

Populus balsamifera (balsam poplaD

Populus grandidentata Gigtooth aspen)

Populus tre血uloides (q血g aspen)

Potamogeton ep血ydrus伍bbonleaf pondweed)

Potamogeton natans (floating pondweed)

Potamogeton pectinatus (sago pondweed)

Potamogeton zosterifomds qlatstem pondweed)

Poten劇Ia auserina (Ange血ina anse血a)

Potentilla argentea (siIver cinquefoiD

PotentilIa norvegica (NorYeglan Cinquefoil)
Potenti11a recta (su車hur c皿quefoil)

Potentilla simplex (common cinquefoil)

Prmella v血garis (coIImOn Sel丑leal)

Pnmus peusylvanica (pin che虹y)

Pru皿S Pumila var. besseyi (westem sandcherry)

Pru皿s s聖ina (black cheny)

Pnmus vlnginiana (common chokecherry)

Pteridium aquilinum (westem brackenfe皿)

Pyrola eIliptica (waxflower shi血eaD

Pyrola ro血ndifolia (Pyrola an9ricana)

Pyrus americana (Soわus amencana)

Pyrus floribunda (Aronia X prunifolia)

Pyrus malus (Malus sylvestris)

Pyms皿elanocapa (Aronia melanoc征pa)

Quercus rubra ao血em red oak)

Ranunc血IS aCris (ta11 bu壮ercxp)
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Rhin餌血us crist狂galli促hinan也os minor ssp. minor)

Rhodo dendron canadense Ghodora)

Rhos radicans (Toxi∞dendron radicaus ssp・ radicans)

Rhus typhina (紬us hiIta)

Ribes gland血osu皿(SkuIlk cu血a血)

Ribes址rtellu皿(hairyste皿gooseberry)

Rubus alleghenieusis (Alle如eny blackberry)

Rubus血spidus (bris也y dewberry)

Rubus idaeus (A皿erican red raspberry)

Rubus pubesceus (dwarf red blac址erry)

Rudbeckia sero血a Giudbeckia hirta v狐pul血甜ima)

R血苧acetOSella (co皿On Sheep so虹el)

Ruppla maritima (widgeongrass)

Sagittaria latifolia (broadieaf aHOwhead)

Salicomia europaea (Salicomia maritima)

Salix bchbiana @ebb w劃ow)

Salix gracilis (Satx petioI壷s)

Sambue誓Canadensis (American elder)

S arrace皿a PuIPurea tou呼le pitcherplanD

Scirpus atrovireus (green bulrush)

Sci中幡C沖e竜田S (W○○垣ass)

S cirpus pedicellatus (Stalked b血ush)

Scirpus rubrotinctus (Sci呼us microcarprs)

S cutellaria epilobiifo lia ( S cutellaria galericulata)

Sc両班aria lateriflora (blue skullcap)

SedrT Pu叩eun (Sedm telephiun ssp. tel車un)

SenecIO aureus (golden ragwort)

Senecio v血garis (COn皿On grOundsel)

Silene anti虹hina (sleeI)y Silene)

Silene cuclibalus (Silene v血garis)

Sisy血c血um montanu皿伍our血blueeyed grass)

Siun suave qemlock wataparsnip)

Snrilacina racemosa O'4aian血e剛皿racemosum ssp. racemosum)

S皿ilacina trifolia (Maian血e関心foliun)

Solanu皿d血c(mara (climbing night血ade)

Solidago graminifolia @u血amia gran血ifolia var・ g即血ifolia)

Spiraea latifolia (Spiraea alba var. 1at劇ia)

Spiraea tome平osa (SteePlebush)

Stellaria gram皿ea (grasslike starworD

Tararacum o能cinale (common dandelioh)

Tax坤eunea (taxilQj eunea)

Thali ctrm POlygamun qhalictru皿Pubescens)

Thelypteri s血elypterioides CIhelypteris novあoracensis)

Th可a occidentalis (easte皿a血orvitae)

Tragopogon prateusis (皿eadow salsi$「)

Trientalis borealis (A皿erican starfloweD
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Trifolium agr壷un Crrifoliun aureun)

Trifoliun arvense (坤わitfoot cIover)

Trifoliun hybridum (alsike cIoveD

Trifoliun pratense Ged cIover)

Trifoliurn repens (White cIover)

Tsuga canadeusis (easte皿hemlock)

T押ha angustifolia (narrowleaf cattail)

Typha latifolia (broadleaf cattall)

Utricularia co皿uta qomed bladderworD

Utricularia purpurea (eastem puple bladderwort)

U血cularia vulgaris (Utricularia macro血iza)

Uvularia s essilifolia (SeSSileleaf beHwort)

Vacciniun angustifoliun (lowbush blueberry)

Vaccinilm COrymbosun (highbush blueberry)

Vacci血m macrocarpon (Cranberry)

Vaccinium nyrtilloides (Velvetl eaf hucklebeny)

Vacciniun oxycoccos (small cranberry)

Vac cinilm V証s-idaea (lingonberry)

Valeriana血igimsa Gnour血valeri釦)

Vallisneria americana (A皿erican eelgrass)

Verbascu皿也apsus (commen m皿ein)

Ve平∽ 0琉c血is (coⅡ皿n g地場7鵬坤

Veron竺SCuteⅡata (Skullcap apeedwell)

Vero皿Ca SerPyllifolia (血ymeleaf speedwell)

Vibu皿m CasSinoides (Vib関田m nudu皿Var. CaSSinoides)

Vibunun lentago (nannybe調う

Vibumm recognitun (Vibur関皿de皿tatun Van lucidunD

Vibunu血t出obun (Vibunun opulus van anericanun)

Vicia cra9Ca (bird vetch)

Vicia seplun (bush vetch)

Viola adunca alOOkedspur violeD

Viola cuc皿ata (車arsh blue violeD

Viola pa11ens (Viola皿aCIoskeyi ssp. palleus)

Viola septentrionalis (no血em blue violeD


